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Abstract

Results from three wind tunnel tests in the National Transonic Facility of a model
of an advanced-technology, subsonic-transport wing-body configuration have been
analyzed to assess the test-to-test repeatability of several aerodynamic parameters.
The scatter, as measured by the prediction interval, in the longitudinal force and
moment coefficients increases as the Mach number increases. Residual errors with
and without the ESP tubes installed suggest a bias leading to lower drag with the
tubes installed. Residual errors as well as average values of the longitudinal force
and moment coefficients show that there are small bias errors between the different
tests.

Introduction

Data quality or error from wind tunnel test measure-
ments should be known in order to determine the magni-
tude of variation that is meaningful before using wind
tunnel test results. The error in the test measurements has
two components: bias error and precision (or repeatabil-
ity) error. The bias error is the fixed, systematic, or con-
stant component and the precision error is the random
component. Proper experimental procedures can elimi-
nate large bias errors but generally small bias errors
remain in the measurements. Without knowing the true
value, it is difficult to determine the bias error. One
means of assessing the precision error is to compare
repeated measurements on a common configuration
within a single wind tunnel test (short-term repeatability)
or over several wind tunnel tests (long-term repeatabil-
ity). The potential for introducing bias errors into the
measurements increases when going from short-term
repeatability to long-term repeatability. Short-term
repeatability of results from within a test on a subsonic
transport configuration tested in the National Transonic
Facility (NTF) was documented in reference 1. This
report will investigate the long-term repeatability of
results on a different subsonic transport configuration
over three tests in the NTF.

A scale model of an advanced-design transonic wing
for a conceptual subsonic transport has been tested in
several tunnel entries in the NTF. The wing is designed
for a tail-off lift coefficient of 0.6 at a Mach number of
0.85 and Reynolds number of 30× 106 based on the
mean aerodynamic chord. One model configuration, the
wing-body alone, was tested at high Reynolds number in
three wind tunnel tests, designated tests 62, 79, and 87.
Test 62 was conducted in 1994, and tests 79 and 87 were
conducted in 1996. Effects of boundary layer transition,
Reynolds number, and aeroelasticity on the aerodynamic
characteristics from test 62 are reported in reference 2.

The purpose of this report is to assess the long-term
repeatability of data from the NTF for a wing-body con-
figuration representative of a subsonic transport. The pri-
mary aerodynamic parameters used in the assessment

were the lift, drag, pitching moment, and surface static
pressure coefficients. The limited amount of repeat data
points within a single test typically precluded a detailed
statistical analysis of the precision error. Comparisons of
these aerodynamic parameters obtained from the differ-
ent tests are presented herein at Mach numbers from 0.80
to 0.85 at a Reynolds number of 30× 106 and at a Mach
number of 0.85 at Reynolds numbers of 25× 106 and
20 × 106 based on the mean aerodynamic chord.

Symbols and Abbreviations

b span, in.

c mean aerodynamic chord, in.

cr root chord, in.

ct tip chord, in.

CA axial-force coefficient

CD drag coefficient

CD,b body cavity pressure correction to the drag
coefficient

CL lift coefficient

Cm pitching-moment coefficient

CN normal-force coefficient

Cp wing upper surface static pressure coefficient

Cp,b body cavity pressure coefficient

E wing material modulus of elasticity (Young’s
modulus), lb/ft2

ESP electronically scanned pressure

FRP fuselage reference plane

FS fuselage station, in.

LE leading edge

M∞ Mach number

NTF National Transonic Facility

q dynamic pressure, lb/ft2

Rc Reynolds number based on mean aerodynamic
chord
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Tt stagnation temperature,°F
TE trailing edge

x/c local chord fraction

α angle of attack, deg

αf test section flow angularity, deg

∆ residual error (difference between measured
value and the estimated mean value from the
curve fit)

η wing semispan fraction

Λ wing sweep angle, deg

λ taper ratio

Experimental Apparatus and Procedures

Test Facility

The National Transonic Facility is a fan-driven,
closed-circuit, continuous-flow, pressurized wind tunnel
(ref. 3). It may be operated as a conventional wind tunnel
using air as a test gas or as a cryogenic wind tunnel using
nitrogen as a test gas. NTF capabilities allow testing of
aircraft configurations at speeds ranging from low sub-
sonic to low supersonic, at Reynolds numbers up to
full-scale flight values (depending on aircraft type and
size). The test section is 8.2 feet by 8.2 feet in cross sec-
tion and 25 feet in length. Longitudinal slots in the floor
and ceiling give wall-openness ratios of 6 percent. The
test-section sidewalls are solid. The NTF is capable of an
absolute pressure range from 15 psi to 125 psi, a stagna-
tion temperature range from−320°F to 150°F, a Mach
number range from 0.2 to 1.2, and a maximum Reynolds
number per foot of 146× 106 at Mach 1.

Free stream turbulence is reduced by four damping
screens and the 15:1 contraction ratio between the set-
tling chamber and the test section. An initial assessment
of the flow quality in the NTF has been reported in refer-
ence 4. Conventional model support is provided by an
aft-mounted sting attached to a vertically mounted arc
sector. The pitch range of the arc sector is from about
-11° to 19°, depending on the test setup. A remotely con-
trolled roll coupling, with a range from -180° to 180°,
provides the interface between the arc sector and the
sting. The test-section floor, ceiling, and reentry flap
angles were fixed during these tests.

Model Description

The wind-tunnel model wing is a 2.426-percent scale
representation of a conceptual subsonic transport aircraft
design by the Boeing Aircraft Company, Long Beach
Division (the former Douglas Aircraft Company of the
McDonnell Douglas Corporation). The wing, designated

W44, incorporates divergent trailing-edge technology
(ref. 5) and an aggressive design strategy that includes an
aft shock position and a steep pressure recovery gradient
approaching the trailing edge. A photograph of the model
installed in the NTF test section is presented in figure 1.
Sketches of the model general arrangement, details of the
wing geometry, and the wing pressure orifice locations
are presented in figure 2. The wing is designed for a
tail-off lift coefficient of 0.6 at a Mach number of 0.85
and a Reynolds number of 30× 106 based on mean aero-
dynamic chord. The planform has an aspect ratio of 9.0, a
taper ratio of 0.3, and a dihedral angle of 3.0°. The quar-
ter-chord line is swept back 35°. Other model dimen-
sional characteristics are presented in table 1 and in
figure 2. The model was fabricated from Vascomax
C-200 steel with a surface finish of 16 microinches or
less. To accommodate static-aeroelastic deformation
under load, the wing is fabricated to deform to the design
shape at NTF test conditions corresponding to the design
point (M∞ = 0.85,Rc = 30 × 106, Tt = -250°F, q = 2000
psf).

The wing contains 225 static-pressure orifices: 203
orifices distributed in 12 chordwise rows (7 rows on the
wing upper surface and 5 rows on the wing lower sur-
face), and 22 orifices distributed along the wing trailing
edges as shown in figure 2(c). The nominal orifice diam-
eter was 0.015 inches. Because of the large number of
wing pressure orifices and the volume of the associated
pressure tubing, the orifices are distributed over both
wings. To simplify model fabrication and maximize
wing strength, upper-surface orifices are located in the
right-hand wing and lower-surface orifices are located in
the left-hand wing. Body cavity pressure is measured at
two locations inside the fuselage cavity.

The model wing is designed for use with existing
NTF Pathfinder-I subsonic transport model fuselage
components (ref. 6). A 10.5-in. fuselage extension plug
that properly scales the fuselage length to the wing span
for the conceptual aircraft design is inserted between the
nose and wing. The model configuration used in the tests
documented in this report consists of the wing, fuselage,
and wing-fuselage fillets but without the flap track fair-
ings, nacelles, and pylons. The base of the fuselage was
tapered to a thickness of 0.040 inches at the trailing edge.

Instrumentation

Aerodynamic force and moment data were obtained
with a six-component, strain-gage balance. For each test,
the NTF balance with the smallest load capacity that
exceeded the expected model loads was selected. All
NTF balances were not always available because of peri-
odic maintenance such as moisture proofing. Thus, dif-
ferent balances were used for the different tests as shown
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in table 2. The accuracy of each longitudinal component
of each balance was determined from the measured and
applied loads from the balance calibration. Loadings that
were outside of the test envelope, such as the lateral bal-
ance component loadings and the negative normal force
loadings, were eliminated from the determination of the
balance accuracy. From the remaining loadings, the bal-
ance accuracy for each of the longitudinal components is
stated in terms of the worst outlying point in the calibra-
tion. The full scale loads and quoted accuracies are pre-
sented as a percent of the full-scale loads in table 2.

An onboard, heated, single-axis accelerometer pack-
age was used to measure the model angle of attack. The
accelerometer package has a quoted accuracy of±0.01°
under smooth wind-tunnel operating conditions (ref. 7).
For the test conditions presented in this report, the model
dynamic acceleration was small and was not expected to
have a significant impact on the accuracy of the angle of
attack measurement.

Wing-pressure measurements were made with six
48-port, electronically scanned pressure (ESP) modules
contained in an internal, nose-mounted, heated enclo-
sure. The upper surface (right wing) pressures were mea-
sured using modules having a full-scale pressure range of
±45 psid; the lower surface (left wing) pressures were
measured using modules having a range of±30 psid. The
quoted accuracy of the modules was±0.20 percent of full
scale pressure. The modules were calibrated immediately
before each series of runs.

Body cavity pressures were measured at two loca-
tions inside the fuselage cavity using externally located,
±5 psid pressure transducers with a worst case system
accuracy of 0.05 psi plus 0.37 percent of the measure-
ment (ref. 8).

The wind tunnel total and static pressures were mea-
sured using two banks of quartz bourdon tube transduc-
ers referenced to a vacuum. A controller selects the
smallest transducer from each bank capable of measuring
the total and the static pressures. For the test conditions
reported herein, a 50 psi transducer with an accuracy of
±0.012 percent of reading and±0.006 percent of full
scale was used for each measurement. The tunnel total
temperature was measured with a platinum resistance
thermometer with an accuracy of±0.2°F.

Procedures, Data Reduction, and Corrections

Reference 8 provides information on NTF instru-
mentation devices, tunnel process and data-acquisition
systems, and data-reduction algorithms. Balance output
is sensitive to the balance temperature as well as the bal-
ance longitudinal temperature gradient. Balance readings
were compensated for changes in balance temperature

between the wind-on and wind-off conditions. Also, tem-
perature gradients within the balance were minimized by
allowing the balance to approach thermal equilibrium
with the stream before recording any data. Balance-tem-
perature gradients of less than 10°F were maintained
throughout these tests. Wind-off data were acquired prior
to and following each set of runs to monitor balance elec-
trical zero shifts over the course of a run set. The ending
wind-off point was used for all data reduction because
the thermal state of the balance (for both temperature and
temperature gradient) at the end of a run set was gener-
ally more representative of the wind-on conditions.

Axial force and drag were corrected to the condition
of free-stream static pressure acting in the body cavity.
No corrections were required for normal force or pitch-
ing moment for the static pressure acting in the body cav-
ity. A buoyancy correction was applied to the drag
coefficient based on the longitudinal Mach number gra-
dient measured in the test section during the tunnel cali-
bration. The data used in this report were not corrected
for test-section wall interference or sting interference.

The model angle of attack was corrected for upflow
in the test section, with the upflow angle determined
from data acquired with the model in both upright and
inverted orientations at a given set of tunnel conditions.
Over the range of Mach number used in this study, the
upflow angle variation with Mach number was negligible
(reference 2). In each test, an upright and inverted run
was obtained for each Reynolds number at the design
Mach number, 0.85, and the resulting upflow correction
applied across the Mach number range. Calculated flow
angularities for the three tests are presented in figure 3.
Results at nominal stagnation temperatures of -185°F,
-225°F, and -250°F correspond to Reynolds numbers of
20 × 106, 25× 106, and 30× 106, respectively. Results
from all three tests show a reduction in the flow angular-
ity as the temperature decreases. The spread in the flow
angularity is similar to the scatter in the flow angularity
reported in the data repeatability study in reference 1.

All results presented herein were obtained with natu-
ral boundary layer transition; that is, no artificial bound-
ary layer trip strips were used. Each tunnel entry was
identified by a unique test number: 62, 79, and 87. Each
polar (angle-of-attack sweep) in a given tunnel entry was
identified by a unique run number. All polars were
obtained in a “pitch-pause” mode in which the model is
pitched to the next angle of attack in the series, transients
in the flow and instrumentation are allowed to damp out,
and the data are then recorded before repeating the cycle.

The effect of wing static aeroelastic deformation is
minimized in the comparison of the results from the three
tests. Static aeroelastic deformation of the wing depends
on the applied load and the material stiffness. An indica-
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tor of static aeroelastic deformation is the nondimen-
sional ratio of dynamic pressure (q), to the modulus of
elasticity (E) for the metal that comprises the wing. The
parameterq/E is appropriate for characterizing aeroelas-
tic condition because the material stiffnessE increases as
the temperature decreases. To minimize the effects of
static aeroelastic deformation on the comparisons, only
results at the nominal ratio ofq/E= 0.5× 10-6 are used in
this report.

Test 62 was divided into two phases: an initial phase
in which balance (force and moment) and wing pressure
data were acquired, and a final phase in which only bal-
ance data were acquired. In test 79, balance (force and
moment) and wing pressure data were acquired. In test
87, only balance (force and moment) data were acquired.
Wing pressure data acquisition required ESP hardware
(tubing for the reference pressure, calibration pressure,
and control pressure and electrical wires for data acquisi-
tion and control) to bridge the balance. The wires and
tubing that bridge the balance were removed for the bal-
ance only testing, removing the influence of the ESP
hardware on the balance measurements. Previous test
experiences (e.g. ref. 2) indicated that the presence of the
ESP instrumentation had a small effect on the lift and
pitching moment measurements but could have a signifi-
cant effect on the drag measurements. Thus, drag data
from the NTF measured with the ESP hardware present
have been used with caution and are frequently excluded
in the analysis of the test results.

Analysis

The accuracy of the measurement instruments was
used to estimate the error bands for the model force and
moment coefficients and the wing static pressure coeffi-
cients for the loads encountered near the angle of attack
for the design lift coefficient using the technique
described in reference 9. Error bands for the force and
moment coefficients based on the quoted instrumentation
accuracies for the three tunnel tests are presented in table
3. The error estimate for the static pressure coefficient
was about±0.005 over the Mach number range for tests
62 and 79.

The results presented in the Appendix from the three
tests were analyzed to investigate the long-term or
test-to-test repeatability at the design lift coefficient
using the regression statistical analysis of reference 1.
There was not a statistically significant number of repeat
runs in each test to investigate the short-term or
within-test repeatability. Statistical analysis of the com-
bined results from all three tests will be used to deter-
mine the precision or repeatability error.

The statistical analysis was applied to the results for
lift coefficients from 0.50 to 0.70. In general, the flow

was well behaved over this range reducing the potential
for unsteady, separated flow phenomena that could affect
repeatability. The estimated mean value was calculated
from a fourth-order polynomial regression equation fitted
to the results. From the measured data and the estimated
mean value, the residual error, the confidence interval,
and the prediction interval were determined. The confi-
dence interval is the bounds about the estimated mean
that encompass the true mean with a 95-percent probabil-
ity. The prediction interval is the bounds about the esti-
mated mean that will contain any single future
measurement with a 95-percent probability. The confi-
dence interval is related to the location of the true mean
and the prediction interval is a measure of the data scat-
ter. As defined in reference 1, confidence and prediction
intervals are inversely proportional to the number of
measurements in the data set and the local density of the
measurements. Thus, at the ends of the intervals, the
local density of points decreases and the confidence and
prediction intervals widen.

Results and Discussion

The results from the regression statistical analysis of
the longitudinal force and moment coefficients are pre-
sented in figures 4 to 6. The lower part of each figure
presents the measurements from the tests (in the range of
interest of CL from 0.5 to 0.7) and the estimated mean
value from the fourth order polynomial regression analy-
sis. The upper part of the figure presents the residual
error for each measurement and the 95-percent confi-
dence and prediction intervals. Data points recorded with
the ESP tubes crossing the balance are noted by solid
symbols in the residual error plots.

The results associated with the statistical analysis of
the lift coefficient at the five combinations of Mach num-
ber and Reynolds number are presented in figure 4. At a
Reynolds number of 30× 106 near the design lift coeffi-
cient, the prediction interval increases from about
±0.0026 to about±0.0049 as the Mach number increases
from 0.80 to 0.85 in spite of the increased number of
measurements at a Mach number of 0.85. Scatter
increases as the Mach number increases. The prediction
interval does not change significantly with Reynolds
number. Comparison of residual errors from test 62 with
and without the ESP tubes installed does not show bias
errors associated with the addition of the ESP tubes. The
confidence interval ranges from±0.0005 to about
±0.0012 for the five cases.

The results for the pitching-moment coefficient are
presented in figure 5. The prediction interval for the
pitching-moment coefficient increases from±0.0011 to
±0.0026 with increasing Mach number. Residual errors
from test 62 are generally more negative than the esti-
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mated mean value suggesting that there is a bias error
present. Residual errors from test 62 do not show a
strong effect of the ESP tubes on the pitching-moment
coefficient. The confidence interval ranges from±0.0002
to ±0.0007.

The results for the drag coefficient are presented in
figure 6. Frequently, drag coefficient data with the tubes
installed are not included in the analysis but have been
included in this study for completeness. The prediction
interval varies over the five test conditions from
±0.00025 to about±0.00042. Examination of the residual
errors indicates a change in the bias errors in each test in
that the test 62 residual errors typically show increased
drag and the test 79 residual errors typically show
reduced drag relative to the estimated mean value. The
residual errors with and without the ESP tubes installed
in test 62 suggest a bias leading to a lower drag with the
tubes installed. The confidence interval ranges from
about±0.00007 to±0.00010.

The drag coefficient is corrected for the pressure rel-
ative to the free-stream static pressure acting over the aft
facing opening on the body. The results from the analysis
of the drag-coefficient correction from the measured
body cavity pressures are presented in figure 7. The pre-
diction interval is about±0.0001 and the confidence
interval is about±0.00002 at the design lift coefficient
for all five cases. The repeatability error and the confi-
dence interval for the correction to the drag coefficient
are a small part of the repeatability and confidence inter-
val of the drag coefficient. The residual errors for test 62
generally show a small negative bias.

Repeatability of the lift and drag coefficients include
effects of the balance normal force and axial force mea-
surements as well as the angle-of-attack measurement.
To eliminate the angle-of-attack effects, the repeatability
of the model axial-force coefficient was calculated as a
function of the model normal-force coefficient and the
results are presented in figure 8. The prediction inverval
varies over the five test conditions with values from
±0.00024 to±0.00061. These values are similar to those
found for the variation of drag coefficient with lift coeffi-
cient in figure 6. Thus, much of the scatter in the lift and
drag coefficients is associated with the balance measure-
ment. For the test 62 results, the residual errors with the
ESP tubes are generally less positive than the residual
errors without the tubes. This suggests that there is a bias
introduced with the addition of the ESP tubes. Also, the
residual errors from test 62 are typically positive and the
residual errors from test 79 are typically negative sug-
gesting a bias between the tests.

The regression statistical analysis was applied to a
sample of the wing pressure data at two spanwise sta-
tions:η = 0.42 and 0.85; the results are presented in fig-

ures 9 and 10. Atx/c= 0.05, many of the residual errors
from test 62 are positive and many from test 79 are nega-
tive (see part a of figures 9 and 10). This suggests that
there might be a small bias between the two tests for
some of the orifices. The regression analysis could not
provide reasonable curve fits for cases in which the pres-
sure coefficient rapidly changed between two levels,
such as those atx/c=0.45 in figure A5(c), so no predic-
tion or confidence intervals are presented at those loca-
tions. For the angles of attack where the pressure is
changing between the two levels, the flow is probably
unsteady as the shock location changes with disturbances
in the local flow. In these cases, the measured pressure
coefficients show large scatter (for example, see
α ≈ 1.25° in figure 9(c)). Although the flow was
unsteady at the blunt trailing edge, the data scatter, repre-
sented by the prediction interval, is much smaller for the
trailing edge orifices than for the wing upper surface ori-
fices. The prediction intervals for the upper surface static
pressures range from about±0.005 to about±0.019
whereas the prediction intervals for the trailing edge
pressures are typically about±0.003 to±0.004.

The bias error over several tests is likely to be larger
than the bias error within a single test because of the pos-
sibility of introducing additional biases associated with
preparing and installing the model. Change in the esti-
mated mean value of a particular aerodynamic parameter
from test to test could be used to estimate the change in
the bias error between tests if a statistically significant
number of runs were available. Since this is not the case
herein, the average value of the lift, drag, and pitch-
ing-moment coefficients from each test are compared to
provide an estimate of the bias error between the tests.
Each polar from each test was fitted to a fourth-order,
least-squares polynomial (over a range of CL from 0.5 to
0.7). The curve fit was used to predict the lift coefficient
at a nominal angle of attack and the pitching-moment and
drag coefficients at a lift coefficient of 0.6. To be consis-
tent with standard practice at the NTF, the drag data with
the ESP tubes installed have been eliminated from the
analysis.

The results from each test at a given Mach number
and Reynolds number combination were averaged and
the results are presented in figures 11 to 13. The change
in the mean value of the lift coefficient between the three
tests is typically on the order of the balance error band
except at the lowest Mach number. The change in the
average values of the pitching-moment coefficient was
larger than the balance error bands. The change in the
average value of the drag coefficient was less than the
balance error bands. These results are indicative of the
types of bias errors introduced into tests of this type of
model using the procedures in place at the time of the
test.
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Concluding Remarks

Data from three tests of a wing-body configuration
in the NTF have been analyzed to assess test-to-test
repeatability. The results indicated that:

1. The scatter, as measured by the prediction inter-
val, in the longitudinal force and moment coefficients
increases as the Mach number increases.

2. Residual errors with and without the ESP tubes
installed suggested a bias error leading to lower drag
with the tubes installed.

3. Correction to the drag coefficient due to the model
cavity pressure was a small contributor to the overall pre-
diction and confidence intervals for the drag coefficient.

4. Much of the scatter in the lift and drag coefficients
was associated with the balance measurement.

5. Residual errors as well as average values of the
longitudinal force and moment coefficients show that
there were small bias errors between the different tests.

NASA Langley Research Center
Hampton, VA 23681-2199
May 4, 1999

Appendix

Results from the wing-body configuration from the
different tests at Mach numbers of 0.80, 0.83, and 0.85 at
a chord Reynolds number of 30× 106 and for a Mach
number of 0.85 at chord Reynolds numbers of 25× 106

and 20× 106 were selected for the repeatability analysis.
Longitudinal force and moment coefficients are pre-
sented in figures A1 to A3. Model cavity pressure mea-
surements used to correct the axial force and drag
measurements are presented in figure A4. For the scales
used to present the test results, all the balance longitudi-
nal force and moment coefficients and the cavity pres-
sure coefficients display detectable scatter.

Direct comparison of the measured chordwise pres-
sure distributions from the different tests was not possi-
ble at the design lift coefficient. Rather, the variation of
the pressure coefficient with angle of attack is presented
in figure A5 at five chordwise location fromx/c= 0.05 to
x/c= 1.00 at a Mach number of 0.85 and a chord Rey-
nolds number of 30× 106. Note that the trailing edge
pressures (x/c = 1.00) were obtained from orifices facing
downstream so the measurements will be for an unsteady
flow. For the scales used, the scatter in the pressure coef-
ficients is relatively small except where there is an abrupt
change of pressure coefficient with angle of attack. This
typically occurs when the shock location crosses a given
location on the wing or, for the trailing edge pressures,
when the boundary layer near the trailing edge is sepa-
rated.
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Figure A1. Comparison of the lift coefficient curves from the different tests. 

(a) M∞ =  0.80. Rc = 30.  x 106.  
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Figure A1. Continued. 

(b) M∞ =  0.83. Rc = 30.  x 106.  
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Figure A1. Continued. 

(c) M∞ =  0.85. Rc = 30.  x 106.  
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Figure A1. Continued. 

(d) M∞ =  0.85. Rc = 25.  x 106.  
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Figure A1. Concluded. 

(e) M∞ =  0.85. Rc = 20.  x 106.  
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Figure A2. Comparison of the pitching-moment coefficient curves from the different tests. 
(a) M∞ =  0.80. Rc = 30.  x 106.  
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Figure A2. Continued. 
(b) M∞ =  0.83. Rc = 30.  x 106.  
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Figure A2. Continued. 
(c) M∞ =  0.85. Rc = 30.  x 106.  
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Figure A2. Continued. 
(d) M∞ =  0.85. Rc = 25.  x 106.  
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Figure A2. Concluded. 
(e) M∞ =  0.85. Rc = 20.  x 106.  
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Figure A3. Comparison of the drag coefficient curves from the different tests. 

(a) M∞ =  0.80. Rc = 30.  x 106.  
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Figure A3. Continued. 

(b) M∞ =  0.83. Rc = 30.  x 106.  
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Figure A3. Continued. 

(c) M∞ =  0.85. Rc = 30.  x 106.  
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Figure A3. Continued. 

(d) M∞ =  0.85. Rc = 25.  x 106.  
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Figure A3. Concluded. 

(e) M∞ =  0.85. Rc = 20.  x 106.  
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Figure A4. Comparison of the base-pressure coefficients and drag 
coefficient correction from the different tests. 

(a) M∞ =  0.80. Rc = 30.  x 106.  
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Figure A4. Continued. 

(b) M∞ =  0.83. Rc = 30.  x 106.  
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Figure A4. Continued. 

(c) M∞ =  0.85. Rc = 30.  x 106.  
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Figure A4. Continued. 

(d) M∞ =  0.85. Rc = 25.  x 106.  
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Figure A4. Concluded. 

(e) M∞ =  0.85. Rc = 20.  x 106.  
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Figure A5. Comparison of the pressure coefficients from the different tests. M ∞ =  0.85. Rc = 30.  x 106. 

(a) x/c = 0.05. 
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Figure A5. Continued. 

(b) x/c = 0.25. 
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Figure A5. Continued. 

(c) x/c = 0.45. 
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Figure A5. Continued. 

(d) x/c = 0.62. 
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Figure A5. Concluded. 

(e) x/c = 1.00. 
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TABLES

Table 1.  Description of the Model.

Body:

maximum diameter. . . . . . . . . . . . . . . 5.75 in.
length . . . . . . . . . . . . . . . . . . . . . . . . . 60.5 in.

Wing:

aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . 9.0
taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . 0.3
sweep, quarter chord  . . . . . . . . . . . . . . .35.0°
dihedral. . . . . . . . . . . . . . . . . . . . . . . . . . .3.0°
mean aerodynamic chord . . . . . . . . . 7.485 in.
span  . . . . . . . . . . . . . . . . . . . . . . . . 61.428 in.
reference area . . . . . . . . . . . . . . . .419.262 in2

Table 2.  Balance Full-Scale Load and Worst Case
Accuracy as a Percent of Full-Scale.

Compo-
nent

Item

Balance/Test/Calibration-Date

NTF101B
Test 62
2/5/93

NTF113C
Test79
12/8/94

NTF113A
Test 87
9/6/95

Normal
Full scale 6500 lb 6500 lb 6500 lb

Accuracy ±0.16% ±0.09% ±0.08%

Axial
Full scale 700 lb 400 lb 400 lb

Accuracy ±0.21% ±0.40% ±0.49%

Pitch
Full scale 13,000 in-lb 13,000 in-lb 13,000 in-lb

Accuracy ±0.15% ±0.08% ±0.06%

Table 3.  Estimated Error Bands (worst case) for the
Force and Moment Coefficients near the Design Lift

Coefficient. q/E = 0.5× 10-6.

Lift Coefficient

M∞ Test 62 Test 79 Test 87

0.80 ±0.0019 * ±0.0010

0.83 ±0.0019 * ±0.0010

0.85 ±0.0019 ±0.0011 ±0.0010

Drag Coefficient

M∞ Test 62 Test 79 Test 87

0.80 ±0.00034 * ±0.00040

0.83 ±0.00034 * ±0.00040

0.85 ±0.00034 ±0.00035 ±0.00040

Pitching-Moment Coefficient

M∞ Test 62 Test 79 Test 87

0.80 ±0.0007 * ±0.0004

0.83 ±0.0007 * ±0.0004

0.85 ±0.0007 ±0.0004 ±0.0004

Pressure Coefficient

M∞ Test 62 Test 79 Test 87

0.85 ±0.005 ±0.005 *

* denotes no data at this test condition
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Figure 1. Photograph of the model installed in the National Transonic Facility test s
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(a)  Plan view of model showing general arrangement.

Figure 2.  2.426% scale W44 wing/NTF model arrangement, important wing dimensions,
     and pressure orifice locations.  All linear dimensions are in inches.
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Figure 2.  Continued.
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Figure 2.  Concluded.

(c)  Static pressure instrumentation locations on the wing.

Upper surface orifices are located at x/c
values of 0.02, 0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50, 0.54, 0.58,
0.62, 0.66, 0.70, 0.78, 0.84, 0.92, and TE.

Lower surface orifices are located at x/c
values of LE, 0.05, 0.10, 0.15, 0.20, 0.30,
0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95,
0.97, and TE.
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Figure 4. Analysis of repeated CL data. 

(a) M∞ =  0.80, Rc = 30.  x 106.  

solid line = estimate mean value (curve fit) 
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Figure 4. Continued. 

(b) M∞ =  0.83, Rc = 30.  x 106.  

solid line = estimate mean value (curve fit) 
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 ∆CL 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 4. Continued. 

(c) M∞ =  0.85, Rc = 30.  x 106.  

solid line = estimate mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 4. Continued. 

(d) M∞ =  0.85, Rc = 25.  x 106.  

solid line = estimate mean value (curve fit) 
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 ∆CL 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 4. Concluded. 

(e) M∞ =  0.85, Rc = 20.  x 106.  

solid line = estimate mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 5. Analysis of repeated Cm data. 

(a) M∞ =  0.80, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 5. Continued. 

(b) M∞ =  0.83, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 5. Continued. 

(c) M∞ =  0.85, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 

-.005 

0 

.005 

 ∆Cm 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 5. Continued. 

(d) M∞ =  0.85, Rc = 25.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 5. Concluded. 

(e) M∞ =  0.85, Rc = 20.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 6. Analysis of repeated CD data. 

(a) M∞ =  0.80, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 6. Continued. 

(b) M∞ =  0.83, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 6. Continued. 

(c) M∞ =  0.85, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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 ∆CD 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 6. Continued. 

(d) M∞ =  0.85, Rc = 25.  x 106.  

solid line = estimated mean value (curve fit) 

-.001 

0 

.001 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 6. Concluded. 

(e) M∞ =  0.85, Rc = 20.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 7. Analysis of repeated CD,b data. 

(a) M∞ =  0.80, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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dashed line = 95 percent prediction interval 
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Figure 7. Continued. 

(b) M∞ =  0.83, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 7. Continued. 

(c) M∞ =  0.85, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 7. Continued. 

(d) M∞ =  0.85, Rc = 25.  x 106.  

solid line = estimated mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 7. Concluded. 

(e) M∞ =  0.85, Rc = 20.  x 106.  

solid line = estimated mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 8. Analysis of repeated CA data. 

(a) M∞ =  0.80, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 8. Continued. 

(b) M∞ =  0.83, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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 ∆CA 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 8. Continued. 

(c) M∞ =  0.85, Rc = 30.  x 106.  

solid line = estimated mean value (curve fit) 
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 ∆CA 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 8. Continued. 

(d) M∞ =  0.85, Rc = 25.  x 106.  

solid line = estimated mean value (curve fit) 
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 ∆CA 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 8. Concluded. 

(e) M∞ =  0.85, Rc = 20.  x 106.  

solid line = estimated mean value (curve fit) 
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 ∆CA 

Solid symbols denote ESP tubes crossing the balance 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 9. Analysis of repeated CP data. η = 0.42, M∞ =  0.85, 

Rc = 30.  x 106. 

(a) x/c = 0.05. 

solid line = estimate mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 9. Continued. 

(b) x/c = 0.25. 

solid line = estimate mean value (curve fit) 
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 ∆Cp 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 9. Continued. 

(c) x/c = 0.45. 

solid line = estimate mean value (curve fit) 
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Figure 9. Continued. 

(d) x/c = 0.62. 

solid line = estimate mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 9. Concluded. 

(e) x/c = 1.00 

solid line = estimate mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 10. Analysis of repeated CP data. η = 0.85, M∞ =  0.85, 

Rc = 30.  x 106. 

(a) x/c = 0.05. 

solid line = estimate mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 10. Continued. 

(b) x/c = 0.25. 

solid line = estimate mean value (curve fit) 
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 ∆Cp 

solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 10. Continued. 

(c) x/c = 0.45. 

solid line = estimate mean value (curve fit) 
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Figure 10. Continued. 

(d) x/c = 0.62. 

solid line = estimate mean value (curve fit) 
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Figure 10. Concluded. 

(e) x/c = 1.00 

solid line = estimate mean value (curve fit) 
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solid line = 95 percent confidence interval 
dashed line = 95 percent prediction interval 
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Figure 11. Lift coefficient repeatability between tests. Numbers above columns are average values, numbers

used to calculate average are listed within the bar, and the error band (see Table 3)

is displayed at the top of the bar.
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Figure 12. Pitching-moment coefficient repeatability between tests, at C
L
= 0.60. Numbers above columns

are average values, numbers used to calculate average are listed within the bar, and the error

band (see Table 3) is displayed at the top of the bar.
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Figure 13. Drag coefficient repeatability between tests at C
L
= 0.60, for ESP tubes out runs only. Numbers above

columns are average values, numbers used to calculate average are listed within the bar,

and the error band (see Table 3) is displayed at the top of the bar.
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